Background. Periodontitis is a major risk factor of systemic diseases with inflammatory etiology. Numerous studies have established the connection between periodontal condition and diabetes, but there are no reports in the literature on the relationship between periodontitis and other pancreas conditions. The activity of pancreatic enzymes is an important parameter of pancreatic damage, and is also a diagnostic marker of acute and chronic pancreatitis, and the bleeding index determines the periodontitis activity. To date, the periodontal status in both of the above-mentioned conditions has not been examined.
Introduction
Pancreatic adenocarcinoma is the 4 th and 6 th most common cause of death in the USA and Europe, respectively, among cancer-caused deaths. 1 The 5-year survival rate occurs in 6% of cases. 2 Therefore, when the final diagnosis is made, the neoplastic cells are no longer confined to the pancreas only, but are also present in other body organs, which in turn rules out the possibility of surgical intervention. The recent clinical reports state that the patient's survival rate in cases where surgery on pancreatic tumors is possible has not increased. 3 However, if performed in the early stages, on less than 2 cm primary tumor size, the surgery may significantly reduce the death risk ratio (HR = 1.41). A global effort is, therefore, currently being made in order to elaborate pancreatic cancer markers to help detect pancreatic cancer cases at a much earlier stage. On the other hand, exacerbation of chronic pancreatitis as well as first episodes of acute pancreatitis are among the most common reasons for gastrointestinal hospitalization emergencies. 4 Additionally, chronic pancreatitis severely deteriorates the quality of the patient's life causing constant and recurring pain, unexpected exacerbations, and eventually leads to the patient's exocrine dysfunction. One of the most common problems faced by the currently conducted medical research is the neoplastic transformation occurring in the cases of ongoing chronic pancreatitis. Clinical signs of pancreatic deficiency, such as the afore-mentioned chronic abdominal pains, diabetes and malnutrition, are common for pancreatic cancer as well as for chronic pancreatitis. Moreover, both conditions modulate their course. Therefore, a case of an already diagnosed chronic pancreatitis does not rule out the possibility of an accompanying case of a developed neoplasm. According to earlier studies conducted and published by Zhang et al. and Wong et al., nucleic acid may be detected in the resting saliva and gingival crevicular fluid in patients suffering from pancreatic cancer and chronic pancreatitis. 5, 6 The most frequent marker determined in serum in the case of suspected pancreatitis is amylase. In the cases of acute pancreatitis or acute exacerbation of chronic pancreatitis, its activity increased above 1000 IU/L indicates, with a sensitivity of up to 95%, exocrine pancreatic dysfunction (exocrine insufficiency). In addition, determination of serum lipase activity increases the sensitivity of detection of the disease. The level of 600 IU/L is adopted as the cut-off point indicating pancreas damage. Increased levels of the activity of these pancreatic enzymes also occur in the course of cancer of the salivary glands, stomach, intestines, and lungs. There are currently no studies reporting the correlation between the activity of these enzymes and periodontitis markers. Exocrine damage can mutually present with endocrine dysfunction, leading to impaired glucose tolerance and diabetes. One of the markers of glycemic control is glycated hemoglobin. So far, the involvement of these factors in patients with pancreatic cancer, developed in the course of chronic inflammation of this organ, has not been examined.
Periodontitis is caused by a wide spectrum of conditions affecting tissues surrounding a tooth. The clinical activity of the inflammatory periodontal process leads to alveolar bone osteolysis and connective tissue attachment loss. The course of the disease is modulated by pancreatic conditions, especially diabetes, which affects the immunological system of the host. 7 Moreover, if left untreated, diabetes may modulate the course of inflammation in the periodontium, which is measured by Il-1β and β-glucuronidase concentration. 8 Despite ample research carried out in this field, no clear correlation between periodontal activity markers and pancreatic dysfunction has been proven yet. The studies cited above made an attempt at assessing the occurrence of cytokines, enzymes and bacterial titres in patients with pancreatic conditions; however, no periodontitis activity parameters have been taken into consideration in those studies.
Material and methods
The study was conducted in the Central Clinical Hospital of the Ministry of Internal Affairs in Warszawa, Poland from April 2012 to August 2015.
In the study, we took into account 3 groups of individuals: patients diagnosed with pancreatic adenocarcinoma (n = 29); chronic pancreatitis patients (n = 41) and a control group (n = 50). The study groups were matched in line with the age of the participants, their gender and race, so that the data to be collected could be used to make a reliable comparison using relevant statistical tests.
The patients enrolled in the 1 st study group were patients of the Gastroenterological Surgery Ward diagnosed with pancreatic adenocarcinoma. The diagnosis was made initially by means of standard radiographic techniques and was subsequently confirmed following the surgery by means of a histopathological examination. The group consisted of 29 patients at the age of 41-81 years (median: 59.9 years). All admitted patients were referred to the ward upon an initial diagnosis of resectable pancreatic tumor, made based upon the criteria published by Wong et al. with the use of a computed tomography. 9 The periodontal examination was performed 1 day before the planned surgery. Edentulous patients as well as those who had fewer than 20 teeth, used removable prosthetic devices, showed signs of fungal infections, or did not brush their teeth at least twice a day were all excluded from this group. Furthermore, patients with pancreatic tumor in stage III and IV were excluded -the criteria adapted were the involvement of the celiac axis or the superior mesenteric artery, portal vein or superior mesenteric vein. The history of antibiotics therapy in the past 3 months or chemotherapy/radiotherapy in the past 2 years were also criteria for exclusion.
The 2 nd group consisted of 41 patients from the Gastroenterology Ward of the hospital mentioned above diagnosed with chronic pancreatitis, at the age of 20-87 years (median: 48.2 years). As for the newly diagnosed patients undergoing hospitalization in the ward for the first time, the diagnosis was confirmed in line with the TIGARO scale according to Etemad and Whitcomb. 10 The exacerbations in the ongoing chronic pancreatitis patients were diagnosed using standard laboratory tests and radiographic techniques. The most common complaints among patients included in this group were newly occurring or exacerbated abdominal pains. From this group we excluded patients with alcohol abuse history as well as tobacco smoking patients. In addition, we used the same dental criteria for exclusion as in group 1.
The control group consisted of 50 patients of the Gastroenterology Ward, Department of Internal Medicine and Endocrinology Clinic. The age range was 29-69 years (median: 45.6 years). The probands selected to this group evinced no clinically relevant conditions regarding the digestive system organs. The inclusion to the group was made based on computed tomography and/or abdominal ultrasonography in order to exclude signs of pancreatic conditions including enlarged head of pancreas, and a dilated pancreatic duct and common bile duct. 11 Moreover, to avoid bias in the study, we excluded patients with microlithiasis, the sphincter of Oddi dysfunction and cystic fibrosis. 12 In this way we selected a group of probands among the hospitalized patients who were free of pancreatic and bile duct disorders. The periodontal examination was performed subsequently if the proband met the criteria in order to exclude the influence of the proposed treatment.
The study was carried out based on the consent issued by the Bioethical Committee of the Medical University of Warsaw on 25 th April, 2012. The study was conducted with the understanding and written consent of each enrolled patient. The patients included in the study agreed to participate in it by signing the informed consent form approved by the University Board of Ethics.
Periodontal examination
All included in the study probands underwent a dental and periodontal examination. It encompassed dental anamnesis concerning previous dental treatment, oral fungal infections, use of oral antibiotics, and everyday oral hygiene procedures. All the included patients brushed their teeth at least twice a day with toothpaste containing fluoride. Periodontal examination was performed by 1 dentist using a WHO 621 calibration dental probe. The measurements were performed in 6 diagnostic locations around every present tooth. According to the American Academy of Periodontology (AAP) classification of periodontal disease, we measured the following periodontal parameters: ù the plaque index (PI), measured on all surfaces of each tooth, according to a simplified scale by O`Leary: the proportion of surfaces covered with dental plaque to all examined surfaces [%]; ù the bleeding on probing index (BOP), measured as the percentage of bleeding sites around of each toot [%], according to Ainamo's scale; ù the probing depth (PD), the distance measured between the marginal border of the gingiva and the periodontal pocket bottom (a WHO 621 calibration dental probe); ù the connective tissue attachment loss (CAL) level, measured by the distance between the cementoenamel junction and the periodontal pocket bottom. 13 All the gathered data was included in the documentation and analyzed according to the AAP diagnosis criterion guidelines.
Statistical analysis
The numerical variables were tested for normality using the Lilliefors test. Since our data did not follow the normal distribution pattern, non-parametric tests were used. To assess the correlation between the endo-and exocrine dysfunction markers and the periodontal state, the Spearman's correlation coefficient was used. The differences the between the groups, as far as the hyperreactive inflammatory phenotype was concerned, were measured using the Kruskal-Wallis ANOVA, and p-values <0.05 were deemed statistically relevant. All calculations were performed on STATISTICA v. 10 (StatSoft, Tulsa, USA).
Clinical and laboratory procedures
Ten mL blood were drawn by venipuncture from every proband enrolled in the study. The serum amylase and lipase activity were measured by the automatic biochemical analyzer with colorimetric method on Cobas ® 6000 (Roche Diagnostics, Indianapolis, USA). A 5 mL EDTA whole blood sample was obtained for HbA 1c measurement, made by the turbidimetric immunoassay inhibition method on Cobas Integra ® (Roche Diagnostics). All the measurements were performed in the central laboratory of the hospital adhering to the proper standardization methods set by the National Chamber of Laboratory Diagnosticians (KIDL).
The authors assumed the glycated hemoglobin blood levels HbA 1c amounting to 6.0% (42 mmol/mol), reflecting the mean glucose blood level of 126 mg/dL (7.0 mmol/L) as the breakpoint level of long-term control of glycemia in the blood. This coefficient was calculated based on the formula of the linear regression of blood glucose levels (1.5944 HbA 1c [mmol/L] − 2.5944) in accordance with the criteria of the American Diabetes Association (ADA)confirmed in 2014 by the Polish Diabetes Association (PTD) in their definition of the purpose of treatment aiming at maintaining target glycemia.
Results
As a result of the clinical study, the data classifying the patients by periodontitis stage were obtained for individual study groups: patients with pancreatic adenocarcinoma, chronic pancreatitis and control group. In patients diagnosed with pancreatic cancer, the mean amylase activity was 31.9 IU/L (NS -non-significant), lipase activity 38.2 IU/L (NS) and the glycated hemoglobin 6.0%. The highest values of the studied parameters were obtained in patients with chronic pancreatitis: the mean lipase activity was 222.9 IU/L (p < 0.0001; H = 45.7831), amylase activity 311.6 IU/L (p = 0.004; H = 55.6381) and the concentration of glycated hemoglobin was 8.8% (p = 0.01, H = 25.631). Discussed results are presented in Table 1 .
Periodontitis activity
The most frequently diagnosed disease entity was moderate periodontitis, which occurred in all studied groups and in the control group at the level of 44-68%. The least frequent diagnosis was generalized severe periodontal disease (2-12%), while mild periodontal disease was found in pancreatic cancer patients and in the control group (42-44%).
In the group of patients diagnosed as suffering from chronic pancreatitis, the values of the periodontal parameters were substantially higher than in other study groups. The periodontitis activity levels measured using the BOP index amounted to 62.53% (p = 0.01; H = 61.31946). Moreover, the long-term periodontitis advancement ratios were the highest in this study group and amounted to a mean PD of 4.14 ±0.89 mm (p < 0.0001; H = 22.43578) and CAL 3.52 ±1.42 mm (p = 0.001; H = 43.97138). In the group of patients diagnosed with pancreatic cancer, the bleeding index BOP was estimated as 25.24% (NS), thus achieving the lowest value in the studied groups. Similarly, the mean PD ratio amounted to 2.81 ±0.87 mm (NS). In the control group the lowest value of the clinical attachment level was noted at CAL 1.61 ±1.02 (NS), whereas the PD and BOP parameters amounted respectively to 3.67 ±1.08 mm (NS) and 35.32% (NS). The calculated clinical periodontitis activity level ratio was the highest in the group of patients suffering from pancreatic cancer 1.51 ±0.47 (p = 0.01; H = 24.94914), whereas as far as patients with chronic pancreatitis were concerned, it amounted to 0.91 ±0.31 (NS), and in the control group it was noted at the level of 0.65 ±0.16 (NS) ( Table 1) .
In order to estimate the impact of oral cavity hygiene on obtained bleeding index result, the BOP/PI ratio was calculated for all studied groups. The highest value was obtained in the group of patients with pancreatic cancer -1.51 (p = 0.01; H = 24.94914). The values below 1.0 were obtained in the group of patients with chronic pancreatitis and in the control group. The patients diagnosed with pancreatic cancer evinced a hyperreactive inflammatory phenotype as measured by BOP/PI inflammatory index compared with the patients diagnosed with chronic pancreatitis and the control group (p = 0.01; H = 24.94914) (Fig. 1) .
Correlation between glycated hemoglobin, pancreatic lipase and amylase activity and periodontitis parameters
In the group of patients diagnosed with chronic pancreatitis, we observed a strong positive correlation between the HbA 1c percentage and the periodontal inflammatory parameters measured clinically (r = 0.31 ÷ 0.43; p < 0.05). On the other hand, there was no correlation between long-term glycemia measured by this parameter and CAL (r = 0.14; p > 0.05). The highest correlation coefficients were achieved between the bleeding index BOP and the lipase and amylase activity in the serum amounting respectively to r = 0.62 and r = 0.64 for p < 0.05. The Spearman's correlation coefficients are presented in Table 2 . The patients with elevated HbA 1c levels (>6.0%) were subjected to a continued study, as far as the influence of long-term glycemia on periodontium is concerned (Fig. 2) . A strong positive correlation between the immunological lesion in periodontium and hyperglycemia (r = 0.47 ÷ 0.63; p < 0.05) was proven. Furthermore, the CAL was shown to correlate strongly with hyperglycemia in this group as well (r = 0.502; p < 0.05) as opposed to a general sample of all patients with chronic periodontitis. The Spearman's correlation coefficients are presented in Table 2 .
To separate the effects of hyperglycemia associated with an endocrine pancreatic dysfunction from the effects of its exocrine function, we searched for a correlation between the amylase activity and the periodontium state in the group of patients with well-controlled glycemia, that is with the HbA 1c percentage below 6.0% in the studied groups. The study findings have shown a moderately strong correlation between the lipase activity and the bleeding on probing index (r = 0.347; p < 0.05). The study has not demonstrated any statistically relevant differences between the other periodontitis parameters and the activity of pancreatic enzymes.
Discussion
The study carried out on the population of patients diagnosed with pancreatic diseases showed a strong correlation between the clinically observed periodontitis activity levels and the pancreatic lipase and amylase activity. Groups of patients divided as per the long-term glycemia criterion were also analyzed using the glycated hemoglobin ratio. The studies conducted so far point to the influence of diabetes on the state of the periodontium. However, no data has so far been made available concerning the effects of pancreatic diseases, which may secondarily lead to uncontrolled glycemia. The authors of the study have taken both of these factors into consideration and conducted an analysis based on the diagnosis as well as on the long-term control of glycaemia (HbA 1c < 6.0%).
Our study sheds a new light on the concomitance of periodontitis and pancreas diseases in the context of inflammatory status indices as described above. The conducted study may be indicative of mutual modulation of pancreas diseases and periodontitis. Observed positive correlation between the bleeding index BOP and the activity of pancreatic enzymes in serum may indicate a common component of inflammatory process in chronic pancreatitis and periodontal disease. The excessive bleeding observed with a small presence of local factors in patients with pancreatic cancer suggests the excessive activity of periodontitis, sometimes referred to as an overactive phenotype. So far, the cause of high values of the BOP index at a relatively low PI rate is not known, although the dysfunctions of CD14 axis receptor, NF-κB factors and NOTCH pathway proteins are postulated.
The activity of the axis mentioned above triggers a primary pathomechanism in selected systemic conditions, which consequently engages the activity of the NLRP 2 and 3 proteins mediated by NF-κB, such as diabetes and hypertension. 15, 16 Therefore, the inflammation mediated by the inflammasome complex may constitute a common denominator in periodontitis and a lifestyle risk factor. In our study, we analyzed 4 basic periodontal parameters. These parameters cover various aspects of chronic inflammation encountered in periodontium. The plaque index reflects the causal factor of inflammation. The bleeding index reflects the host's vascular response in terms of hyperemia, the dilation of capillaries and increased blood flow in the region. PD and CAL refer to the long-term stages of chronic inflammation including destructive processes characteristic of a chronic inflammatory response.
The authors considered BOP in correlation with PI in the study, because their intention was to emphasize the importance of the exacerbation of a transient inflammatory response in the periodontium as a reaction to the biomass of the bacterial plaque depending on the patient's condition. An observation of this type could be a sign of an overactive phenotype of the patient noted during examination (excessive bleeding as a response to a small amount of accretions on teeth).
